An efficient and highly selective method for the conversion of aldehydes to gemdiacetates is described using cellulose sulfuric acid as a bio-supported catalyst at room temperature under solvent-free conditions. Mild reaction conditions, high yields of the products, easy procedure, short reaction time, insensitivity to air and moisture, stability, reusability and eco-friendly of the catalyst and selective acetylation of aldehydes in the presence of ketones are the main advantages of this procedure. The catalyst could be recycled at least five times.
Introduction
The protection of aldehydes as gem-diacetates plays an important role in organic synthesis because they are useful precursors for synthetically useful acetoxy dienes and dihalo vinyl acetates. [1] In addition, acylals are useful as crosslinking reagents [2] for cellulose in cotton and serve as activators [3] in the composition of the bleaching mixture used for the treatment of wine-stained fabrics. Furthermore, gemdiacetates are useful intermediates for nucleophilic substitution reactions. [4] Due to the remarkable stability of gem-diacetates toward a variety of reaction conditions, they are gaining importance in organic synthesis as an alternative to acetals for the protection of aldehydes. Numerous methods for preparation of 1,1-diacetates from aldehydes and acetic anhydride have been reported. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Although some of these methods present convenient protocols with good to high product yields, it is noteworthy that in all but a few examples, these methods involve strongly acidic or oxidizing conditions, require high temperature or catalyst loading, longer reaction times or expensive and highly toxic catalysts. Hence, a practical and more efficient alternative using an inexpensive and environment friendly reagent is still of interest.
The development of heterogeneous catalysts for organic synthesis has become a major area of research. The potential advantages of these materials over homogeneous systems (simplified recovery, reusability and the potential for incorporation in continuous reactors and microreactors) could lead to novel, environmentally benign chemical procedures for academia and industry. [19] Application of solid acids in organic transformations is important because they have many advantages including ease of handling, decreased reactor and plant corrosion problems and more environmentally safe disposal. [20, 21] In continuation of our studies on the application of solid acid catalysts in organic transformations, [22] [23] [24] [25] [26] [27] We herein report, a chemoselective and efficient method for the formation of geminal-diacetates by a reaction of an aldehyde and acetic anhydride using cellulose sulfuric acid (CSA) as a catalyst under solvent-free conditions at room temperature (Scheme 1). 
Scheme 1 Experimental

Materials and instruments
Chemicals were either prepared in our laboratories or purchased from Merck, Fluka and Aldrich Chemical Companies. All yields refer to isolated products. The products were characterized by comparison of their physical data with those of known samples or by their spectral data. IR spectra were recorded on a BOMEM MB-Series 1998 FT-IR spectrophotometer. NMR spectra was recorded on a Bruker DPX 400 MHz spectrometer in CDCl 3 as the solvent and TMS as internal standard. All of the products are known and all of the isolated products gave satisfactory IR and NMR spectra. The purity determination of the products and reaction monitoring were accomplished by TLC on silica gel polygram SILG/UV 254 plates. Cellulose sulfuric acid was prepared according to previously reported procedure. [28] (
i) Preparation of cellulose sulfuric acid (CSA).
To a magnetically stirred mixture of 5.00 g of cellulose in 20 mL of n-hexane, 1.00 g of chlorosulfonic acid (9 mmol) was added dropwise at 0ºC during 2 h. HCl gas was removed from the reaction vessel immediately. After the addition was complete, the mixture was stirred for 2 h. The mixture was then filtered and washed with 30 mL of acetonitrile and dried at room temperature to afford 5.25 g of cellulose sulfuric acid as a white powder. The number of H + sites on the cellulose-SO 3 H was determined by acid-base titration to be 0.50 meq/g. [28] (ii) General experimental procedure for acetylation of aldehydes.
To a solution of aldehyde (1 mmol) and freshly distilled acetic anhydride (3-10 mmol), CSA (0.1 g, 0.05 mmol) was added. The reaction mixture was stirred at room temperature under solvent-free condition and progress of reaction was monitored by TLC. After reaction was complete, the resulting mixture was diluted with Et 2 O (10 mL) and filtered. The filter cake was washed with Et 2 O (2×5 mL) and the ethereal solutions were combined together and washed with a saturated solution of NaHCO 3 (10 mL) and water (2×10 mL). The organic phase was dried over anhydrous Na 2 SO 4 , filtered and the solvent was evaporated to give the pure desired compound.
(iii) Selected spectroscopic data 
(2C=O).
Results and discussion
Cellulose sulfuric acid was easily prepared [28] by reacting cellulose with excess chlorosulfonic acid in n-hexane at 0 C (Scheme 2). It is important to note that, this reaction is easy and clean without any work-up procedure due to HCl gas is evolved from the reaction vessel immediately. 
Scheme 2
As shown in Table 1 different aromatic aldehydes are converted to the corresponding 1,1-diacetates in solvent-free conditions using acetic anhydride as acylating agent in the presence of cellulose sulfuric acid as catalyst at room temperature in high yield and short reaction time (entries 1-10). The results indicated that the nature of substituents on the aromatic ring had no effect on the reaction.
Aliphatic as well as α,β-unsaturated aldehydes react under the same conditions leading to acylals in good yield (entries [11] [12] [13] . It is worth noting that ketones did not react under the described experimental conditions at all (entry 14-16), hence the above method represents a selective preparation of acylals from aldehydes in the presence of ketones. CSA with respect to the amounts of the catalysts used, reaction times and yields of the products ( Table 2 ). The results show that CSA promotes the reactions more effectively than InCl 3 , NBS, Cu(OTf) 2 and Sc(OTf) 3 as far as the amount of catalyst and reaction times are concerned. The possibility of recycling the catalyst was examined using the reaction of benzaldehyde and acetic anhydride under the optimized conditions. Upon completion of acetylation, the reaction mixture was filtered and the remaining solid was washed with Et 2 O, dried in air and the catalyst reused in the next reaction. The recycled catalyst was reused five times without any additional treatment. No observation of any appreciable loss in the catalytic activity of CSA was observed (Table 3) . 
Conclusion
In conclusion, the use of cellulose sulfuric acid as an efficient, non-toxic, reusable, and solid support biodegradable acid catalyst for these transformations avoids the problem in the recovery of Lewis acid catalysts. This procedure has several advantages: (1) The preparation of catalyst was very simple from easily available reagents; (2) catalyst could be directly reused after simple extraction; (3) high catalytic activity, (4) simple workup, (5) short reaction time, (6) high isolated yields and (7) environmental friendliness. These significant features are expected to contribute to the development of a green strategy for the 1,1-diacylation of aldehydes.
